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Abstract 
In this paper, a novel symmetric multi slot patch antenna is proposed with enhanced bandwidth and isolation, which 
can be used for Multiple Input Multiple output (MIMO) systems. The developed two element MIMO system 
resonates at the tri band of frequencies 3.8 GHz, 6.6 GHz and 7.6 GHz with an improved impedance bandwidth of 
20% and an average isolation of 40 dB. The proposed antenna exhibits improved performance compared to the 
present widely used E shaped patch antennas and is a good choice for MIMO systems operating for UWB 
applications. 
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1. Introduction 
MIMO technology is one of the leading technologies for attaining larger data rates in the present 
advanced wireless communications, which employs multiple antennas at the transmitter and receiver side. 
This technology demands for antennas with wide bandwidth and good isolation characteristics. There are 
various techniques proposed for improving the bandwidth of microstrip antennas. In [1], authors achieved 
considerable amount of bandwidth by employing slots and annular ring in the ground plane. The 
improvement of bandwidth is shown in [2], by employing a pair of L shaped slots in the ground plane. 
However, these techniques are involved in complexity of fabrication. Another important figure of merit, 
considered for a MIMO system is mutual coupling or amount of isolation between the antennas. In the 
current literature, various techniques are proposed for improving the isolation [3] – [4].  In the present 
letter, a simple square patch antenna with four slots is proposed for giving the improvement in both 
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andwidth and isolation. The obtained results are far better compared to an E shaped patch antenna, 
developed on same material and with almost same dimensions.     
                                                                                     
2.Antenna Design: 
 
In the present MIMO communications, the microstrip antennas are fabricated with different shapes like 
E, H and V for attaining improved bandwidths  [5] – [7]. In all these antennas, the E shaped patch antenna 
is proved to be the better one in terms of mutual coupling and impedance bandwidth, which is shown in 
Fig.1. In the E shaped antenna, the current from the feed flows in two different paths generating two 
resonant frequencies. These two resonant frequencies are coupled each other, thus resulting in improved 
bandwidth, compared to a rectangular patch antenna. 
In the present work, a new symmetric patch antenna is proposed by employing four slots at the four 
sides of a square patch antenna as shown in Fig. 2. The dimensions of the antenna are taken as L=W= 
22mm, LS = 2mm and Wt = 6mm.   
 
 
                
                   
      Fig. 1 E shaped patch antenna                          Fig. 2. Proposed symmetric multi slot antenna                 
                                                                  
 
                In order to validate the performance of the proposed symmetric four slot antenna, first the E shaped patch 
antenna, discussed in [8] is considered and a two element MIMO system is developed by using it, with a 
separation of 10mm spacing between the two elements. The antenna array is formed on an RT Duroid 
substrate with a thickness of 3.2mm and εr = 2.2. The obtained S parameters of the E shaped antenna 
array are shown in Fig. 3. The E antenna array resonates at 5.25 GHz and 5.9 GHz giving a bandwidth of 
9.5%. The mutual couplings at the two resonant frequencies are found to be < -28dB. 
                Now, a two element MIMO array is formed with the proposed multi slot symmetric patch antenna, 
where the two elements are separated with same 10mm spacing, as in the above case and developed on 
same material with a substrate thickness of 3.2 mm and εr = 2.2. The S parameters of the MIMO array, 
developed with the symmetric multi slot antenna are shown in Fig. 4. The system resonates at tri band of 
frequencies 3.8 GHz, 6.6 GHz and 7.6 GHz. The obtained impedance bandwidth is 20% between the two 
resonant frequencies 6.6 GHz and 7.6 GHz at -10dB and the mutual coupling at these two resonant 
frequencies are found to be -37 dB and -35dB respectively with an average mutual coupling of -40 dB 
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over the operating frequency range 6.5 GHz to 8 GHz. The obtained results are far better compared to the 
above mentioned E shaped patch array and also the two element MIMO array developed in [9].   
                       The main reason for the improvement of bandwidth is due to the flow of currents in three different 
paths of the proposed antenna as shown in Fig. 5. As the current flows in three paths, three resonant 
frequencies are generated and these three frequencies are coupled each other, increasing the bandwidth of 
the antenna. To improve the isolation in the array, the feed points of two antennas are arranged diagonally, i.e., 
for the first antenna in the array, the feed is connected at the left bottom side and for the second antenna 
the feed is arranged at the top right side as shown in Fig. 5. The unique symmetric structure of the 
proposed antenna does not affect the current paths with change in feed positions. As the feeds are 
arranged diagonally, the distance between them increases, which leads to the reduction of mutual 
coupling. These improvements in the bandwidth and isolation are achieved without any additional 
decoupling elements. The symmetric structure and the dimensions of the slots are responsible for the 
improved performance. The dimensions (L, W, WS and LS) of the antenna can be varied for getting the 
desired resonant frequencies. The radiation patterns of the developed MIMO system are shown in Fig. 6. 
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Fig. 3 S parameters of the E shaped antenna MIMO array 
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Fig. 4 S parameters of the proposed multi slot antenna MIMO array 
 
 
 
 
                                                 Fig. 5. Two element MIMO array of the proposed antenna 
 
 
                 
 
 
982  K Jagadeesh Babu et al. / Procedia Engineering 30 (2012) 978 – 982
 K Jagadeesh Babu.,et al/ Procedia Engineering 00 (2011) 000–000  
                                                          
 
                                                                                       (b) 
 
                               Fig. 6   Radiation patterns of the proposed array at (a) 6.6 GHz (b) 7.6 GHz 
  
                Conclusion: 
               In this paper, a symmetric four slot patch antenna is proposed and a two element MIMO array is developed by using it. The developed 
antenna array resonates at the tri band of frequencies 3.8GHz, 6.6 GHz and 7.6 GHz with an improved impedance bandwidth of 
20% and an average reduced mutual coupling of -40 dB. As the proposed antenna exhibits excellent return loss and isolation 
characteristics compared to the present widely used E shaped patch antennas, it has a large scope of usage in many wireless MIMO 
applications, requiring higher bandwidths and isolations.                     
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